To describe the surgical approach and outcomes in the treatment of adult patients with complications of childhood hypospadias surgery, as such patients present a significant reconstructive challenge due to the combination of anatomical and cosmetic deformity, which often results in major functional and psychosexual sequelae.
Introduction
Hypospadias is the most common congenital penile anomaly, occurring in one in 300 live births [1] . Most studies on complications after hypospadias surgery have described only the complications occurring shortly after surgery, restricted to the childhood period. There are limited long-term follow-up data of these patients due to the limited number of centres providing transitional care between paediatric and adult care. Common complications that may need to be resolved surgically include: urethrocutaneous fistulae (UCF), urethral stricture, persistent hypospadias, diverticula, and chordee. Urethral stricture has been reported to occur in between 6.5% [2] and 10% [3] of cases, making it the second most common complication of hypospadias surgery in the paediatric population.
Adults with complications of childhood hypospadias repair can be extremely challenging to treat due to the unique combination of cosmetic, anatomical and functional abnormalities [4] , LUTS [5] , and associated psychosexual consequences [6] . It is not uncommon for patients to have been left with deformities significantly worse than the primary congenital anomaly [7] . These problems are compounded by the fact that in adults healing is impaired as compared to earlier in life, notwithstanding the effects of multiple prior surgeries on tissue pliability and vascularity [8] .
When considering hypospadias retrieval surgery in adults, careful patient assessment and selection is paramount, along with the ability to modify and improvise reconstructive techniques in order to attain a successful salvage repair outcome [9, 10] . In the present report, we describe the contemporary outcomes and complications of one-or two-stage urethroplasty to correct urethral stricture disease in adults with a prior history of failed childhood hypospadias repairs.
Patients and Methods

Data Acquisition
Data were prospectively collected from 2004 to 2016 on all adult patients undergoing urethral reconstruction after at least one prior failed hypospadias repair in childhood. Clinical evaluation included assessment of symptoms, physical examination for meatus location, and condition of surrounding skin. All patients underwent a retrograde and/or voiding urethrogram to determine the extent of the stricture and length. Patients with uncorrected chordee were asked to obtain photographs of the erect penis from different angles. Patients were carefully counselled preoperatively on the type of surgery, recovery time, and the risks of surgery including the possible need for a revision of the first stage if applicable, and the possibility of acquiring a fistula that might need closure.
Surgical Procedure and Perioperative Care
Symptomatic urinary infection is excluded preoperatively. Under general anaesthesia an assessment of the meatus site and size, and the quality of the urethral and periurethral tissues is undertaken. A cystoscopy is performed, if feasible, to assess stricture extent and any interval change. Excision of scar tissue, which may include part, or even the whole length of the previous reconstruction, with any surrounding fibrous tissue is undertaken. If indicated, fibrosis that might be causing chordee is also excised. Stricture length is then measured. Inlay of a buccal mucosal graft to create an adequate glans cleft is performed. The graft is secured to the corpora cavernosa from the proximal meatus out to the tip of the glans (Fig. 1a) .
If the surrounding tissues are healthy, and the urethroplasty segment is short, distal, and uncomplicated, reconstruction of the glans is performed in a single stage. The urethra is incised and the graft is fixed dorsally, and the urethra is closed ventrally with a second layer from the surrounding subcutaneous tissue. When the distal urethra needs to be replaced, it is done as a single stage, as the glans serves as the blood supply to the graft. If there is deficiency of skin and subcutaneous tissues, and the urethroplasty segment is long, proximal, and needs a more extensive reconstruction, it is performed as a staged procedure with inlay of a graft and a subsequent closure.
Adequate time (usually an average of 3-6 months) between the first-and second-stage of the urethroplasty is needed for to allow neo-vascularisation and ensure tissue healing. Patients are assessed in the outpatient clinic after the first stage to check on the progress before planning the second stage. Significant fibrous contracture of the graft and/or stenosis of the proximal urethral meatus are indications for revision of the first stage.
Once adequate healing is judged to have occurred (Fig. 1b) , the graft is tubularised over a catheter to create the neourethra Whether in a one-or two-stage approach, a watertight closure is achieved using a running subcuticular closure of the mucosal edges before mobilising wellvascularised dartos fascia to provide coverage, with attention paid to ensure non-overlapping suture lines to mitigate the risk of fistula formation.
Postoperative Care
Patients are commenced on 48 h i.v. antibiotic postoperatively followed by oral antibiotic until the catheters are removed. A peri-catheter urethrogram is done on all patients almost 2 weeks after surgery and before catheters are removed. If there is a leak the catheter is kept in for another week before removal.
Follow Up Protocol
Patients were followed by physical examination and flexible cystoscopy (every 6-9 months).
Definition of a Successful Outcome
A successful outcome was defined as: (i) absence of stricture with a wide-open urethra that allows passage of a flexible cystoscope (18 F), (ii) a lack of need for further dilatation or instrumentation, (iii) the absence of fistula, and (iv) meatus is cosmetically acceptable on physical examination by the treating physician at last follow-up.
Results
Patient Details
A total of 79 adults who had undergone childhood hypospadias repair and presented with urethral strictures were included. The mean (range) patient age was 35 (16-69) years. The mean (range) follow-up was 48 (12-96) months.
Operative Details
The mean (range) intraoperative stricture length was 4 (1-12) cm. A total of 48 (60%) patients underwent a two-stage urethroplasty using a buccal mucosa graft, whilst 31 (40%) underwent a one-stage operation. (Table 1) At the 3-6 months review, eight of the 48 patients (16%) needed a revision of the first-stage graft due to graft 674 © 2018 The Authors BJU International © 2018 BJU International contracture or scarring (Fig. 1c) . A total of seven of the 48 patients (14%) were lost to follow-up and did not attend for the second-stage repair. Probably due to the extensive surgery performed on the patients, they usually do not undergo the second stage; they would prefer to live with a successful first stage of a two-stage procedure rather than face the potential risks of further surgery. The other 41 patients all underwent a second-stage closure of the first stage, approximately 3-6 months after the first stage. Following the second stage, nine of the 48 patients (19%) developed a UCF requiring surgical closure; eight of the nine were closed successfully on the first attempt, whilst the remaining one needed a further attempt at closure that was successful. Stricture recurrence necessitating re-do urethroplasty occurred in two of the 48 patients (4%), this occurred after an interval of 24 and 36 months, respectively (Fig. 2) . Further instrumentation or intermittent dilatation was not necessary in any patient. In all, 38/48 patients (80%) met the definition of a successful outcome.
Two-Stage Urethroplasty Outcomes
One-Stage Urethroplasty Outcomes (Table 1) A total of six of the 31 patients (19%) developed a fistula necessitating surgical closure, all of which were closed successfully on the first attempt (Fig. 3) . Further instrumentation or intermittent dilatation was not necessary in any patient. No patient has developed a stricture recurrence requiring further urethroplasty. In all, 25/31 patients (80%) met the definition of a successful outcome.
Discussion
Dealing with complications in adults after failed previous hypospadias repair is an intricate clinical issue that can present a formidable surgical challenge requiring experience in a number of reconstructive urethroplasty techniques. This patient population arguably represents one of the most complex groups a urethral surgeon will encounter, as not only is there an extensive anatomical abnormality giving rise to significant urinary symptoms to overcome [5] , but also severe cosmetic deformities [4] often associated with associated psychosexual sequelae [6] .
Hypospadias surgery is extremely common in the paediatric group due to the frequent occurrence of the anomaly (approximately one in 300 births) [1] . A great multitude of surgical techniques are described in the literature. An unfortunate group of patients in whom initial attempts at repair fail, become plagued with lifelong urinary problems, commonly referred to as 'hypospadias cripples' [10] . These patients, representing between 6.5% [2] and 10% [3] of all patients undergoing repair in childhood, are the group as adults that urologist are most likely to encounter.
Despite the challenges of hypospadias repair and the potential for deleterious lifelong effects associated with poor outcomes, historically hypospadias surgery has not been limited to subspecialist surgeons but rather treated by general paediatric surgeons, as well as plastic surgeons and urologists. As with experience in other areas, there is some evidence that surgical volume has been correlated with outcome in primary hypospadias repair [11] . However, the data are difficult to interpret given the distribution of cases between different specialties, generalists and sub-specialists, and almost universally limited follow-up data, often confined to within a few years in childhood. Consequently, long-term outcome data after surgery are important, due to the potential for underreporting of problems experienced by patients, often not presenting until later in adolescence or early adult life. This is perhaps due to a combination of embarrassment, lack of knowledge, and the consequences of rapid genital development during puberty.
The true prevalence of complications in adults after childhood hypospadias repair is unclear due to the aforementioned issues [12] . Duel et al. [2] reported an overall stricture rate of 6.5%. Looking at series of adults with prior history of hypospadias surgery, strictures appear to be very common in the region of 53-56.6% [12, 13] .
The aetiology of complications after hypospadias repair is likely to be multifactorial. Postoperative infection, urine extravasation, haematoma, and poor surgical technique, are clearly all factors that could predispose to impaired healing and ischaemia of the graft/reconstructed tissues. The lack of spongiosal support and the scarcity of supportive vascular subcutaneous tissue in the penile urethra of patients with hypospadias predisposes to complications and makes penile urethroplasty extremely challenging surgery [14] . Furthermore, the growth of the reconstructed neourethra mismatches the growth spurt of the other genital tissue, resulting in relatively short narrow tube, which can become manifest as a stricture.
In those undergoing repair in childhood two main factors appear to be associated with complications; older age at repair [15] and multiple attempts at repair [16] . In adults the latter also holds true. Hensle et al. [17] , who grouped patients into those without prior surgery, those undergoing one or more prior procedures, and those who had multiple procedures and evidence of local tissue loss, reported complication rates of 37.5%, 41.67%, and 63.6%, respectively. Several surgical techniques have been proposed to address the complications seen after failed hypospadias repair in adults. Direct visual internal urethrotomy (DVIU) has shown poor efficacy, failing following tubularised graft or flap urethroplasty, and showing marginal success after onlay flap and urethral plate urethroplasties [18] . All second urethrotomies performed with or without clean intermittent catheterisation were shown to fail [19] , and inevitably resulted in subsequently lengthening of the urethral stricture from <1 cm to a median of 5 cm [18] . This is in keeping with our own experience and practice that DVIU should not be performed as a primary approach in these patients.
An area of ongoing debate is: which technique of urethroplasty is best for dealing with urethral strictures in this group? The main points of discussions are (i) Are flap or grafts preferable? and (ii) Is a one-or two-stage approach superior? Reviewing the existing literature it is apparent that the few available studies are mostly small retrospective series, which are heterogonous in terms of patients studied (including children, adolescence, and adults) and reporting of outcomes and complications. In addition most are not contemporary and have limited follow-up (Table 2) .
No direct comparisons of grafts vs flaps in adult retrieval surgery are available; however, in the repair of proximal hypospadias in children no significant difference in complication rates was found [20] . Several grafts in adult patients are described including bladder mucosa graft with a reported success rate of 87.6% and a 12.4% complication rate, after a follow-up of 3-24 months [21] . However, others have found a greater complication rate of >30% [17] .
With grafts, the greatest experience is with buccal mucosa, the advantages of which are well described in the literature. In a one-stage approach, complications requiring further surgery occur in between 24% [22] and 32% [23] of cases (Table 2 ). In our present series, 19% of patients needed surgery for UCF. Although this appears to compare favourably with the literature, it is not possible to calculate the equivalent complication rates in most studies due to the inclusion of both children and adults, and the inclusion of more complex cases such as those with epispadias and/or strictures without hypospadias. Encouragingly none of the present patients required a re-do urethroplasty for re-stricture or further instrumentation, supporting the use of the technique and our approach to patient selection.
Two-stage repairs in hypospadias surgery were popularised by Bracka [24, 25] , as a potential solution to the high complication rates seen following one-stage repairs. He reported the largest series in the literature, a total of 600 cases (457 children and 143 adults), of which 34.8% were secondary repairs. A variety of grafts and flaps were used. In total, 3.7% required revision of the first stage. The UCF rate was 10.5% for salvage surgery, whilst the re-stricture rate was 7%. Snodgrass and Elmore [26] reported the use of buccal grafts in multi-stage repairs in series of 25 patients (both adults and children) with failed hypospadias repair. In total, 22% required first-stage revision, which is slightly higher than the revision rate in our present series (16%), whilst only one patient (4%) developed a UCF.
More recently, Barbagli et al. [13] , studied 60 adults with previously failed hypospadias repair, of whom 31 cases underwent multi-stage repairs. Buccal grafts resulted in 82% success in one-stage procedures and 82% in multi-stage procedures. Success was defined by having a functional urethra without fistula, stricture, or residual chordee, and having a cosmetically acceptable glanular meatus after completion of all secondary procedures. The necessity of meatal or urethral dilatation and the presence of complications or a poor aesthetic result requiring revision were considered failures. The fistula rate for one-and twostage procedures was 10.3% and 6.5%, respectively.
The success rates in the paper by Barbagli et al. [13] are remarkably similar to ones observed in our present series, where 80.7% and 79.2% definitional success was found in one-and two-stage repairs, respectively. The similar success for one-and two-stage repairs is unlikely to be a product of a true equivalence in efficacy but possibly more appropriate patient selection for each procedure based on substantial case volume and surgeon experience. However, it must be noted that in the literature there is considerable variation in success rates, even from other high-volume centres. For example, Myers et al. [27] report an initial success rate of 36% for twostage repairs, whereas Meeks et al. [28] report a success rate of 86%. It should be considered that such variation could be a product of factors such as patient heterogeneity, choice of grafts, and duration of follow-up.
Another recent study from Barbagli et al. [29] , sought to assess the factors predicting outcomes in adults with anterior urethral structure following failed childhood hypospadias repair. The authors performed a multivariate analysis of a cohort of 408 patients, and found that length of stricture and the presence of lichen sclerosis were associated with a higher risk of treatment failure (need for further instrumentation), which is of course consistent with the body of knowledge on strictures in general. Interestingly, more surgical procedures in childhood was not predictive of treatment failure, supporting the case for reconstruction even in those considered 'hypospadias cripples', provided this is undertaken in expert hands.
The limitations of the present study are small numbers and its retrospective nature, with limited studies of small size.
There is a lack of documentation of patient-reported outcome measures after distal urethroplasty. Measurements of voiding quality-of-life or satisfaction with surgery are essential, but were unfortunately not available in our present study. Nevertheless, the results do support those of the more recent © 2018 The Authors BJU International © 2018 BJU International 677 literature that reconstruction in these patients is feasible and can result in good outcomes, provided a structured approach to assessment and individualised approach to treatment is undertaken. It is essential to clarify the goals that the patient wishes to achieve, in particular relating to not only voiding but other important aspects such as cosmesis and sexual function [28, 29] . It is also essential to warn patients of the potential complications encountered during a surgical repair. In our experience some patients would prefer to live with a successful first stage of a two-stage procedure rather than face the potential risks of further surgery, a point emphasised by others working in this field [30] . There is a lack of documentation of patient-reported outcome measures after distal urethroplasty. Measurements of voiding quality-of-life or satisfaction with surgery are essential. As surgical management of hypospadias becomes centralised to subspecialist centres and transitional care from paediatrics to adult care improves, there is a greater opportunity to develop databases and record long-term outcomes to base future studies upon.
Conclusions
Patients who undergo hypospadias surgery need long-term (usually lifelong) follow-up, as strictures may occur decades after the initial surgery. Strictures in adults who had a failed hypospadias repair in childhood are usually complex, and treating them can be challenging. Patients should be carefully counselled, as multiple operations may be necessary. Careful patient selection and structured evaluation of patients are crucial steps in making the appropriate choice of surgery. Treatment of those strictures usually needs to be individualised and must be conducted by a specialised reconstructive urologist with experience in this field.
